Tokyo, Japan), cross sections 5 µm thick were obtained with an automatic advanced 1 3 7 rotary microtome (model RM2155, Leica microsystems Inc., Deerfield, USA), were 1 3 8 stained with toluidine blue then photographed using a digital camera (Zeiss AxioCam 1 3 9
HRc, Göttinger, Germany). Anatomical features, as leaf thickness and thickness cell 1 4 0 layers, were evaluated using Image J (NIH, Bethesda, Ma). The net rate of carbon assimilation (A), stomatal conductance (g s ), internal CO 2 1 4 4 concentration (C i ) and fluorescence parameters were measured in third or fourth fully- Cor Inc.). The measurements were conducted with [CO 2 ] supply of 400 and 750 μ mol The experiments were designed in a completely randomized distribution. where P<0.05 was considered significant. If ANOVA showed significant effects, Student's t test (P<0.05) was used to determine differences between each treatment and 1 7 6 control. All statistical analyses were made using Statistical Package for the Social 1 7 7
Sciences for Windows statistical software (SPSS). The gib-1 tomato mutant shows impaired growth due to reduction in the activity reductions in shoot (-82%) and root (-29%) biomass, as well as leaf area (-80%) and 1 8 5 stem length (-77%), compared with WT plants (Fig. 1 ). In addition, SLA and RGR were 1 8 6 lower in gib-1 mutants, compared with WT plants at ambient [CO 2 ] (Supplementary 1 8 7 Figure 1 ). Elevated [CO 2 ] did not affect shoot and root biomass of WT plants but led to 1 8 8 increased leaf area (22%) and stem length (41%), compared with WT plants at ambient 2 1 8 ambient [CO 2 ], the gib-1 mutant showed a marked reduction (~45%) in A, compared 2 1 9
with WT plants (Fig. 3 a) . In addition, the gib-1 mutation led to reductions in R D (-2 2 0 52%), V cmax (-45%), J max (-37%), R P (-41%) and ETR (-44%) species (Bloom et al. 2002 (Bloom et al. , 2010 (Bloom et al. , 2014 Taub and Wang 2008) . We thus determined the 2 3 4 content of some of the main nitrogenous compounds in leaves, stem and roots of WT ( Supplementary Fig. 2 ). Alterations in amino acids levels were found for the gib-1 2 3 8 mutant at ambient [CO 2 ]. Whereas amino acids levels were reduced in leaf (35%), an 2 3 9
increase was observed in the stem (76%) and roots (41%) ( Supplementary Fig. 2 Fig. 2 ). In the roots, protein levels were increased in 2 4 5
both gib-1 and WT plants at elevated [CO 2 ] ( Supplementary Fig. 2 [CO 2 ] ( Supplementary Fig. 3 ). Under ambient [CO 2 ], the reduction of leaf fructose in 2 6 1 gib-1 mutants was accompanied by an increase in stem and roots in these plants, ( Supplementary Fig. 3 ). Thirty-three metabolites were detected in the stem by GC-MS. In gib-1 mutant 2 9 3 grown at ambient [CO 2 ], 13 metabolites were reduced, while 11 were increased, ornithine and proline in the roots (Fig. 4 ). The effect of elevated [CO 2 ] on plant growth and development was described as Under ambient [CO 2 ], reduction GA content in gib-1 mutant decreases A 3 2 4 (~35%), R D (~19%) and R P (~40%) at 35 dag, compared with WT (Fig 6 a, d and e ). Growth in elevated [CO 2 ] increase A and Ci, while reduced R p in both, WT and gib-1 3 2 6 ( Fig. 6 a, c and elevated [CO 2 ] (Fig. 6 b) . The Fv/Fm ratio was close to ideal values for non-stressed However, this effect is strongly dependent on plant age. insufficient to maintain normal leaf and stem growth, however, a less drastic effect is 3 5 0 observed on root growth (Fig. 1) . The marked reduction in growth and shoot biomass 3 5 1 allocation impaired RGR in gib-1 mutants ( Supplementary Fig. 1 ). RGR has a positive biomass allocation and SLA in gib-1 mutants, which in turn influenced positively RGR. GA content acts as a factor disrupting growth and leaf development, since GA acts in (Fig. 2 ). In addition, increased mesophyll thickness influenced the reduction 3 6 2 of SLA in gib-1 mutant under ambient [CO 2 ] ( Supplementary Figure 1) .
The increase in leaf thickness accompanied by the reduction in intercellular 3 6 4 spaces in the gib-1 mutant may have contributed to the reduction in A, since they restrict and overlapping leaves may cause self-shading in gib-1, which also impairs 3 6 8 photosynthetic capacity. Although gib-1 presented reduced A (Fig. 3) , CO 2 fixation probably exceeded the demand for growth, leading to the accumulation of carbohydrates in the stem and 3 7 1 root ( Supplementary Fig. 3 ). Stem storage of excess photoassimilate during periods of delaying photosynthetic inhibition in gib-1 mutants. In addition, the larger fraction of GA deficiency than shoot respiration (Nagel and Lambers 2002) .
In general, elevated [CO 2 ] increases carbon assimilation and the availability of in R D observed in WT and gib-1 mutants can be attributed to the increase in A and Supplementary Fig. 3 ). Plant growth is dependent on the interaction between carbon and nitrogen scarce. We did not observe any drastic differences in metabolites levels between 3 9 9 ambient and elevated CO 2 treatments for WT plants (Fig. 4) . Enhanced plant growth Supplementary Fig. 2, 3) . This is probably a consequence of the alteration in carbon 4 0 6 allocation in gib-1, whereby the mutation leads to increased root-to-shoot biomass ratio.
0 7
Elevated [CO 2 ] restored the levels of most metabolites in gib-1 to the level of 4 0 8 WT (Fig. 4) . Alterations in the TCA cycle have been shown to influence GA levels Interestingly, we observed that the effects of elevated [CO 2 ] on tomato growth is age-4 3 3 dependent, regardless of GA content (Fig. 5) . These results indicate the existence of a "sensitive phase" in tomato plants. Calvert (1957) showed that the influence of reprogramming that may trigger changes in leaf and stem morphology, as well as for the maintenance of respiration of reproductive structures (Obeso 2002).
5 8
In conclusion, elevated [CO 2 ] favors photosynthesis and carbohydrate 4 5 9 production, regardless of plant age. However, we showed here that plant age can possibly linked to the juvenile-to-adult phase transition (Fig. 7) . Further work should Brazil) (Finance Code 001). We thank Joaquim Gasparini for assistance with photos. activities in cell-free extracts from young tomato fruits of wild-type and gib-1, gib- dataset from the metabolite profiling study is available as Supplementary Table S1 . Student's t test to be significantly different from WT plants in ambient [CO 2 ] (P<0.05).
9 6
Values are means ± standard error of 10 replicates. carbohydrate production independently of the plant age. In the juvenile phase (21 dag), is highly dependent on plant developmental stage, possibly linked to the juvenile-to-8 1 3
adult phase transition. However, which hormones are involved in the control of these 8 1 4
events remains an open question. gib-1 mutant at 400 or 750 μ mol CO 2 mol -1 . 
